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William J. Moloney 
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Dear Colorado Educator: 

Enclosed you will find the Teachers' Guide to the Colorado Student Assessment Program for 
Eighth Grade Science: An Assessment of Fifth through Eighth Grade Benchmarks. This 
guide was developed by a group of Colorado Educators to assist you in your preparation for the 
first statewide eighth grade science assessment to take place in the spring of 2000. 

As middle and junior high school across the state prepare for assessment of students in four 
content areas over the next year, we hope this information will ease concerns and provide a 
window into the eighth grade science assessment. 

Each Colorado public middle and junior high school will receive two copies of this guide. We 
encourage you to reproduce any or all parts of the document and to share this information with 
your colleagues. 

As always, your hard work and dedication are greatly appreciated. 



Sincerely, 




William J. Moloney 
Commissioner of Education 
Colorado Department of Education 



WJM/ad 



O 



1 

0 

o 



Colorado Model Science Standards 
Fifth to Eighth Grade Assessment Framework 
Task Force 




Mary GrOmko 
Nancy Kellogg 
Pam Fisher 
Jerolyn Holland 
Karen Hunter 
Patty Kincaid 
Christa Lundberg 
Don Maxwell 
Bev Meier 
Linda Morris 
Jan Myers 
Sue Schiff 
Barbara Spencer 
Marie Sullivan 



CDE 

Science Educator (formerly CONNECT) 

Denver Public Schools 

Boulder Valley School District (retired) 

St. Vrain School District - Longmont (retired) 

Cherry Creek School District 

Academy School District #20 

Science Educator 

Boulder Valley School District 

Sheridan School District 

Jefferson County School District 

Jefferson County School District (retired) 

Harrison School District/Colo. Springs (retired) 

Colorado Springs #11 (retired) 



Special thanks to: 

Michael Almeda 
Pam Beeman 
Hap Channel 
Gloria Guerrero 
Dakota Hoyt 
Penny Teeters 



Pueblo School District 60 
South Central BOCES 
Gunnison Schools 
Pueblo School District 60 
Pueblo School District 60 
Mesa County School District 



2 



4 




IMPORTANT CSAP INFORMATION ENCLOSED 



The Teachers’ Guide to the Colorado Student Assessment 
Program for Eighth Grade Science: 

An Assessment of Fifth through Eighth Grade Benchmarks 



♦ If you need general CSAP information, read Section One — All About CSAP. 

♦ If you need information on how to effectively use this teacher’s guide for 
professional development, read Section Two. 

♦ If you need information about science benchmarks and aligned assessment 
items, read Section Three — Colorado Fifth through Eighth Grade Assessment 

Framework. 

♦ If you need samples of science assessment items aligned with benchmarks, read 
Section Four, Sample Reference Items, and Section Five, Sample Reference 
Cluster Items. 

♦ If you need information on a complete sample science assessment aligned with 
fifth through eighth grade benchmarks, read Section Six which contains the 
complete Science Assessment Initiative Goals 2000 reference science 
assessment with scoring guides and student work. 

♦ In you are concerned about materials and equipment that should be included in 
all fifth through eighth grade science laboratories or need a reference 
bibliography for science assessment, read Section Seven. 



Contacts: 

^ Don Watson, CDE, General CSAP Questions, 303-866-6612 
^ Mary Gromko, CDE, Science Questions, 303-866-6764 
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dissemination of this document. 
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Teachers’ Guide to the Colorado Student Assessment 

Program 

for Grade Eight Science: 



An Assessment of Fifth through Eighth Grade 

Benchmarks 



Introduction 



In the spring of the year 2000, public school eighth graders will be assessed for the first time on 
the Colorado Model Content Standards for Science. The Teachers’ Guide to the Colorado 
Student Assessment Program for Eighth Grade Science: An Assessment of Fifth through Eighth 
Grade Benchmarks was developed to help educators prepare for the upcoming Colorado science 
assessment. 

This guide is divided into seven sections: 

(1) an overview of CSAP with a question-and-answer section about test development, 
scoring, and reporting; 

(2) how to use this guide most effectively to assess student progress; 

(3) the Colorado Model Content Standards for Science Fifth to Eighth Grade Assessment 
Framework; 

(4) sample referenced assessment items for the Fifth to Eighth Grade Assessment aligned 
to the Colorado Model Content Standards for Science; 

(5) sample referenced assessment cluster items; 

(6) sample assessments (tests) with multiple choice, constructed short answer and 
performance tasks from the Colorado Science Assessment Initiative, Goals 2000 
grant, and 

(7) recommendations for science equipment for every grade five to eight science lab and 
a suggested reference bibliography for science assessment. 

The sample assessment items are similar to those that may appear in the CSAP for eighth grade 
science and are provided for illustrative purposes only. 

It is natural for teachers and administrators to be anxious about a high profile assessment. 

The purpose of this booklet is to ease those concerns and provide a window into the eighth grade 
science assessment. 

You are encouraged to share this guide with your colleagues. Feel free to copy any or all parts of 
the document. 
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All About CSAP 



The Colorado Student Assessment Program (CSAP) has been underway for three years. Since 
1997, fourth graders have been assessed annually on the Colorado Model Content Standards for 
Reading and Writing. In 1998, testing began on third grade reading. Over the next three years, 
other grades and subject areas will be phased in. 



CSAP Assessment Schedule 



1997 


4th grade 

Reading 

Writing 










1998 


4th grade 

Reading 

Writing 


3rd grade 
Reading 








1999 


4th grade 

Reading 

Writing 


3rd grade 
Reading 


7th grade 

Reading 

Writing 

5th grade 
Mathematics 






2000 


4th grade 

Reading 

Writing 


3rd grade 
Reading 


7th grade 

Reading 

Writing 

5 th grade 
Mathematics 


8 lh grade 
Science 

Mathematics 




2001 


4th grade 

Reading 

Writing 


3rd grade 
Reading 


7th grade 

Reading 

Writing 

5th grade 
Mathematics 


8 ,h grade 
Science 

Mathematics 


1 Oth grade 
Reading 
Writing 
Mathematics 



* All testing will take place in the spring with the exception of the fifth grade mathematics assessment which will 
take place in the fall. 

CSAP measures students’ knowledge of the state model content standards and benchmarks. 
Benchmarks in the state standards are grade-level expectations, specifying what students should 
know by the end of fourth, eighth, and twelfth grades. The statewide assessments are cumulative 
exams, based on what students have learned up to the time of the assessment. Therefore, the 
spring science CSAP will assess students on the fifth through eighth grade benchmarks. 

As educators know, there are many different levels and forms of assessment. The most complete 
form of assessment takes place in the classroom. Teachers assess students on a daily and weekly 
basis. Most school districts also regularly assess students in certain grade levels. CSAP is the 
first large-scale assessment used in Colorado to measure student achievement relative to the state 
model content standards. Thus, results will yield information about how well schools and 
students are performing statewide, using a common yardstick — the state content standards. 

The following are questions and answers about test development, scoring, and reporting of 
results. For more information about CSAP, refer to the Colorado Department of Education’s 
web page at www.cde.state.co.us or contact your district assessment director. 



Q. What is the purpose of CSAP? 

A. The Colorado Department of Education (CDE) is administering CSAP to give parents, the 
public, and educators a uniform source of information about how well students and schools 
are achieving. Colorado schools have been engaged in efforts to improve education for all 
students through standards-based education for the past decade. CSAP is one measure of 
students’ performance relative to the content standards. 

Q. What is CSAP based on? 

A. CSAP is based on the Colorado Model Content Standards developed by Colorado educators 
and community members. These standards were reviewed by over 10,000 Coloradans. 
Though curriculum varies from district to district, expectations of what students are learning 
are consistent across the state, allowing for a fair and uniform assessment of Colorado 
students. 

Q. How is CSAP developed? 

A. CSAP is developed by a team of Colorado educators, curriculum and assessment experts, and 
the test publisher, CTB/McGraw-Hill. The process includes selecting and developing 
assessment questions (or items), setting scoring criteria, and establishing performance levels. 
Two types of assessment items will be used: selected-response and constructed-response. 
Selected-response items (e.g., multiple-choice, matching, true-false) are items in which the 
student chooses an answer from among a list of options. Constructed-response items (e.g., 
short answer, essay) are items in which the student gives a response in his or her own words. 

Q. How are assessment items selected? 

A. Approximately a year before the administration of a particular CSAP assessment, the test 
publisher meets with a group of Colorado educators to develop specifications for test 
development. These specifications include types of items (e.g., multiple-choice, short 
answer) and a thorough discussion of the meaning and content of the standards and 
benchmarks. 

Approximately seven months before the administration of the assessment, a variety of 
assessment items, which align with the Colorado standards, are reviewed by Colorado 
educators to ensure their alignment with standards and corresponding benchmarks. Some 
items are revised or discarded and new items are either written or obtained from other 
sources. 

Once this initial pool of items is agreed upon, four committees review each assessment item. 
The content committee, composed of teachers and assessment and curriculum specialists, 
reviews each item for grade and content appropriateness. Two other committees composed 
of educators, parents, community members, and businesspersons, review each question to 
ensure it is fair, acceptable, and unbiased. The instructional impact committee, another 
group of educators, reviews all recommendations and then makes a final decision regarding 
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each item. Only if a question passes these screenings is it included in the pool of items from 
which the assessment will be constructed. 

Q. How are assessments scored? 

A. Selected-response items are machine-scored. Constructed-response tasks are scored by hand 
using rubrics (scoring guides) that match the specific task requirements. Hand scoring the 
constructed-response tasks is a lengthy and intricate process. Generic rubrics outlining 
general expectations for satisfactory student work will be provided to schools in the 
demonstration booklets and CSAP updates (available on the CDE web site). 

After the assessment is administered, the test publisher selects student papers for each 
performance item that represent a range of quality from excellent to poor. These “anchor” 
papers are scored, then given to Colorado educators. The educators evaluate the anchor 
papers to determine whether the publisher’s judgements are in agreement with Colorado’s 
expectations. These papers are then used to train scorers. 

Q. Who scores constructed-response items? 

A. The scorers are highly-trained individuals employed by CTB/McGraw-Hill. They use the 
rubrics and the identified anchor papers to score each constructed-response item. A sampling 
of each scorer’s rated student papers is evaluated to ensure constructed-response items are 
scored reliably and accurately. This evaluation process includes three different types of 
reviews to ensure that each scorer’s ratings, are accurate and consistent. Any scorer who 
produces ratings that are inconsistent with expectations is retrained. 

Q. How are performance levels determined? 

A. The setting of performance levels begins after the student papers are scored. First, statisticians 
determine the degree of difficulty for each question and examine the range of scores. The 
degree of difficulty for each test item is based on students’ performance. Questions that a 
majority of students answered correctly are identified as less difficult, while those questions 
that only a few students answered correctly are identified as more difficult. Then, items are 
ordered by degree of difficulty from least to most difficult, creating the Ordered-Item 
Booklet. 

Next, each member of a group of Colorado educators and community representatives takes 
the student test and reviews the Ordered-Item Booklet. Since the Ordered-Item Booklet 
arranges test items from least to most difficult, each group member is asked to place 
“bookmarks” at points he or she considers student performance that is advanced, proficient, 
and partially proficient. As a group, members then discuss their individual placement of the 
bookmarks. After two rounds of discussion, individuals may choose to revise their 
bookmark placements. 

The last round of bookmarking finalizes performance levels. The group writes descriptions of 
these performance levels based on the student skills and knowledge required at each level. 




Q. What do performance levels tell us? 

A. The four performance levels — Advanced, Proficient, Partially Proficient, and Unsatisfactory 
describe what a student knows and is able to do at each level, and provide information to 
the school and district about the effectiveness of instructional programs. A student at the 
proficient level has achieved the knowledge and skills defined in the standards. 

Q. How are results reported? 

A. Assessment results are reported by four performance levels: Advanced, Proficient, Partially 
Proficient, and Unsatisfactory. Results are reported by performance levels for individual 
students, schools, districts, and the state. Each student will receive an overall performance 
level rating on the mathematics assessment, as well as an indication of performance on each 
mathematics content standard. Individual student scores are released only to the school and 
school district, which are encouraged to share this information with the student’s parents. 
School, district, and statewide scores are public records. Student results are disaggregated by 
gender, race/ethnicity, and separate disabling condition. School results are also reported by 
socioeconomic status as determined by the number of students eligible for free- or reduced- 
cost lunch and by district size. 

Q. How will schools and districts use assessment results? 

A. It is up to each district to determine how to use individual student assessment results. By 
law, only locally elected school boards may set graduation requirements, establish school 
curricula, and make policies for grade retention and promotion. Assessment results will most 
likely be used to aid teachers and administrators in improving curriculum and instruction. 

The recently passed accreditation law. House Bill 98-1267, requires all Colorado school 
districts to include state assessment results in their accreditation contract. Accreditation 
contracts must contain plans for improving student achievement on the statewide 
assessments. 

Q. What will the Colorado Department of Education do with assessment results? 

A. The Colorado Department of Education is required by law to report CSAP results for the 
state and for all local school districts. These results are released as public documents. In 
addition, each year 25% of assessment items are released and made available to educators, 
the public, and the media. 

At this time, there are no state-imposed rewards or sanctions tied to the assessment results. 
However, CSAP results will be used in the new accreditation process established by the 
Colorado State Board of Education in accordance with House Bill 98-1267. 
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Q. Will results be used to compare schools and districts? 



A. CSAP results are not intended to show comparisons among schools and districts. In fact, it 
would be misleading to use only one such measure to make judgments about the overall 
performance of schools. 

Q. How will student anonymity be protected? 

A. Only schools and parents will have access to individual student results. To protect student 
anonymity, smaller school districts (with 15 or fewer students per grade) will not have their 
results released publicly. 

Q. How long do CSAP assessments take? 

A. The length of testing differs depending on the content area and grade levels assessed. The 
science assessment will require three, fifty-minute class periods, spread out over three days. 

Q. How will I know how to administer the assessment? 

A. Teachers will receive demonstration and test administration booklets in advance of the 
testing dates. Teachers giving the CSAP science assessment will receive a demonstration 
booklet about six weeks prior to the assessment, and an administration manual will 
accompany student test materials. The booklet and manual thoroughly explain how to 
administer the assessments, contain example assessment items, and answer many questions 
teachers may have. 

District assessment coordinators are encouraged to attend regional assessment training 
sessions offered by CDE. Participating coordinators are provided with test-administration 
materials to use in training building-level staff. 

Q. Am I being graded or are my students being graded? 

A. CSAP is an assessment of students and schools, not of individual teachers. What students 
have learned up to the time of the assessment and how well students do are the result of many 
factors, including all previous instruction from earlier grade levels and schools. 

Q. Are all students expected to take the CSAP assessments? 

A. Every student is expected to take the CSAP assessments, with a few exceptions. Each school 
district decides, based on guidelines from CDE, those students for whom the assessment is 
not appropriate. Appropriate accommodations, used in instruction, are allowed to assist 
students with special needs in taking the assessment. In calculating the percent of students at 
each performance level, every student in the grade being assessed is counted. Students who 
do not take the assessment are included in the CSAP report as “not assessed.” 
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“What teachers know and can do is the most 
important influence on what students learn.” 



What Matters Most: Teaching for America’s Future 
Report of the National Commission on Teaching 
And America’s Future. 1996 

It is you, the classroom teacher, who will have the greatest impact on how well students 
perform on the Science CSAP Test! This section focuses on how you and your colleagues can 
work together to assess student progress using items in this packet and determine what students 
need to learn and be able to do to maximize student achievement. This staff development is low 
cost, engaging, powerful and intellectually stimulating. It also promotes high levels of 
collaboration among educators. 

In the past, science assessments have been about knowledge. Assessments now are about 
understanding of the natural world and inquiring into that world. This requires in-depth study of 
student assessment data so teachers know what EACH student knows and is able to do. Science 
has moved from knowledge and skills based curriculum to meaning centered curriculum. 
Therefore teachers must know what each student understands. By examining student work and 
using the insights gained to drive instruction, teachers can increase understanding by students 
who then can satisfactorily meet the standards as demonstrated on the CSAP Test. 

For teachers the process of examining student work will improve their learning because 
real problems faced daily are confronted. This process focuses you, the teacher, on the 
consequence of your teaching for learning. Student learning is the ultimate outcome of teacher 
learning. By examining student work, which is real data, new ways to teach, reintroduce content, 
and support student understanding are offered to teachers. It will also allow you to examine the 
grades 5-8-science curriculum to see if it is aligned with the standards and if appropriate 
classroom assessments are being used. Assessment is an important tool for good inquiry into 
teaching. Assessment tasks are not after thoughts in instructional planning but built into the 
design of teaching. 

Collectively examining individual student work has many benefits. Teachers will 
themselves model scientific investigation by reviewing student work, both their own students 
and other students, offering suggestions and challenges. The data, student work, is the basis for 
this investigation. Specific outcomes for teachers include: 





1 . Teachers will see the kinds of problem students are having. It is a monitoring tool for 
the development of student understanding. 

2. Teachers will see misinformation and faulty assumptions by students. 

3. Teachers will discover those skills that students haven’t fully acquired (e.g. 
graphing), necessary for completion of performance tasks. 

4. Teachers will be aware of content that has either not been taught and/or adequately 
learned. Revision of curriculum and instruction can occur. 

5. Teachers will discover the current understanding of what students know, and plan 
appropriate instruction and/or re-teaching. 

6. Teachers will determine what constitutes an exemplary, satisfactory or unsatisfactory 
response. 

7. Teachers as they work together will develop common terminology, and expectations 
for student work. 

8. Teachers will expand their content knowledge and content pedagogy. 

9. Teachers will be teaching each other and content expertise will be shared. 

This professional development model includes active learning around real work. 

Teachers are sources for their growth and the growth of others. This is intellectual professional 
development around science content and teaching pedagogy springing from student assessment 
data. 

Inquiry into one’s own practice is essential for effective teaching. There are many ways 
and models for this inquiry using student work as the focus and data for the inquiry. Certain 
guidelines are suggested. 

1 . Include as many grade 5-8 science teachers as will commit to regularly scheduled 
sessions. The information in this packet is for all science teachers. 

2. Establish a regular meeting schedule and have members commit to this schedule. It is 
recommended to meet at least twice a month for an hour. If there are common 
planning periods for science teachers that time could be used for this process. 

3 . The group size should be no more than six or fewer than three for maximum 
discussion. If more people want to participate, schedule an additional group. 

4. Only one person brings student work at a session. That person also determines the 
questions and focus for the discussion of the data. 
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5. Each person brings student work on subsequent sessions. Each session should close 
with each member sharing something he/she learned. It is important for the group to 
have time for reflection. It is vital to have time to process both how the group 
functioned as well as what was learned. 

6. Leadership should be shared. The presenter at each session is the leader. There should 
be a norm that the group starts and ends on time with a timekeeper to monitor the 
norm. These sessions are a priority but not a burden for any one individual. 

7. Varying beliefs about how to teach science and what to emphasize will occur. Keep 
sessions as dialogues not debates. Respect differing opinions. Remember the students 
belong to everyone. Acknowledge differences but emphasize commonalties. 

Having students take the items in this packet from sections 3-6 can be the basis 
for many discussions. Some appropriate questions to ask include: 

1 . What were the tasks asking students to know and be able to do? 

2. What is an exemplary response, an adequate response, a partially accurate response, 
an incorrect response? You may want to collectively develop a scoring guide or bring 
one to the session. 

3. What does the particular student need to know and be able to do, to complete this task 
or answer this question? 

4. How does the student interpret or approach the task? 

5. How do I deepen student understanding to further insure complete responses to the 
questions? 

6. What teaching strategies might I use to re-teach for understanding? 
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Protocols for examining student work 



Protocol I - Tuning Protocol (adapted from the Tuning Protocol developed by Joe McDonald, 
Coalition of Essential Schools) 

1 . Presenter shares work of students and shares data from whole class. It can be a total 
assessment or specific items from an assessment. Participants are quiet, taking notes. 
Presenter decides direction for the discussion by posing one or two key questions to 
be answered. 

2. Participants ask non-evaluative clarifying questions such as, “What happened prior to 

X?” 

3. Participants individually write about what was heard from the presenter and responses 
to his/her questions and concerns. 

4. Participants discuss among themselves the issues raised, striving to deepen their 
understanding and seeking answers and suggesting alternatives to the presenter. The 
Presenter is silent, taking notes on the conversation. 

5. Presenter reflects aloud on the participants’ discussion, using the issues raised to 
deepen understanding and reflecting on possible answers to the questions. 

Participants are silent, taking notes. 

6. Presenter and participants engage in a general discussion of the content of the 
protocol. Each shares something that was learned during the process. Debrief the 
process. Don’t short-change this step! 

The presenter is not a participant in the discussion by the group members. The 
presenter must spend considerable time formulating the problem and sharing the 
problem with the participants. For someone who wants to listen and reflect on the ideas 
of others in a more theoretical as well as practical manner this protocol is appropriate. 

This protocol is useful in looking at the larger issues of whole class instruction, curriculum 
alignment with the standards whereby the group can focus on thinking outside the box. Bringing 
class or grade data may be more appropriate for this protocol than looking just an individual 
student work. 
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Protocol II - Consultancy (Adapted from the Annenberg Institute’s Nation School Reform 
Project) 

1 . The presenter gives a quick overview of work, highlighting concerns, problems and 
framing the question(s) to be considered. 

2. The group asks clarifying questions, who, what, where, when, but not why questions. 
These questions should be answered quickly and succinctly. 

3. The group asks probing questions of the presenter to clarify and expand his/her 
thinking. The goal here is for the presenter to learn more about the question he/she 
framed and to analyze the issues. The presenter responds to the questions but there is 
no discussion by the group. 

4. The group talks with each other about the data and issues presented. The presenter 
does not speak, but listens and takes notes. 

5. The presenter joins into the conversation 

6. A whole group discussion may occur if there is time. The presenter does not defend 
or further explain him/herself. The presenter and group share any new thoughts or 
questions they had. 

7. Group debriefs the process. Do not skip this step! 

The presenter listens to the discussion by the group members, does not take part, but if 
time allow after the participant discussion, the presenter may be a part of the 
conversation. The presenter does not defend him/herself. This protocol can focus on 
classroom data or individual student data. 

This protocol is useful when the presenter wants to focus both on student work and larger issues 
of science instruction in a diverse ability classroom. Section 3 and 4 may lend themselves for 
use in this type of protocol. 



Protocol III - Collaborative Assessment Conference 

1 . Presenter brings samples of student work, describes the student, students or class. 

2. Participants ask clarifying questions about the students or class. 

3. Everyone participates in a discussion with such questions as: What does this student 
work tell us about learning in the classroom? What do students know and are able to 
do? What is your evidence? What do you need to re-teach or reintroduce? 

4. Presenter summarizes what he/she has learned, what he/she will do next and how 
he/she will collect evidence to see if increased understanding has occurred. 

5. Participants share what they have learned that will effect their own classroom 
instruction. Steps 4 and 5 support teachers in affecting and improving their clinical 
judgment skills. 

6. Debrief the process, plan for next time. 

In this protocol the presenter is an active participant in the discussion but the focus is 
still supporting the presenter and his/her needs. 

This process can be useful when examining student work in light of the framework in section 3. 

Protocol IV - Model Process for Looking at Student Work, (adapted from work of Ruth Mitchell, 

AAHE, Education Trust) 

1 . All group members complete the problem(s) brought by the presenter that he/she has given to 
his/her students. 

2. Group generates a scoring guide, 0- not proficient, 1 proficient, 2 advanced. 

3. Group scores 5-10 student papers together, modifies scoring guide if necessary 

4. Discussion follows with such questions as: What do the results of these papers tell us 
about student learning? What do students know and what are they able to do? What 
needs to happen in the classroom so that all students can be proficient in this task and 
others? 

5. Each person shares what he/she has learned and the presenter shares more 
specifically. 

6. Debrief the process. 



In this protocol, the presenter brings the student work but all group members are actively 
involved and actually score student work. 

This process can be useful when students are doing short answer responses in both sections 4 -5. 
It can also be used to score section 6 if students take the complete assessment. 

Teaching and learning are complex endeavors. In order for teacher learning to impact 
student achievement, what teachers choose to learn must be based on data of student work. It is 
not based on the latest program, the new fun activity, etc. There is no better source of data than 
actual student work. Pedagogical content knowledge is absolutely necessary for teachers to 
maximize their learning to enhance student learning 

This form of action research models scientific inquiry by collecting data to answer 
questions about effective teaching practices. The effectiveness of this method has been shown to 
make a significant difference in student achievement. 

This process is job embedded. It has little or no cost other than teacher time and can 
easily fit into the teacher’s work day. There must, however, be a commitment to regular sessions 
and established time frames. The benefits to teachers and to students will be substantial. The 
interdependence of science teachers to supporting each other in expanding both pedagogical and 
content knowledge will be significant. Formative assessment is known to be an essential 
component of classroom work to raise student achievement. Using formative assessment data to 
drive instruction with teachers working in a collaborative setting confronting new and different 
ways of thinking, examining, critiquing, exploring and struggling with new ideas, will result in 
students deepening their understanding of science and being better consumers of science. 
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Colorado Fifth Through Eighth Grade Assessment Framework 



"Student achievement can be interpreted only in the light 
of the quality of the programs they have experienced. ” 

National Science Education Standards 



On the following pages are suggestions, examples, and activities that can help teachers create 
and implement assessment strategies that are aligned to the Colorado Model Science Content 
Standards. If science programs were just designed around the acquisition of collection of facts, 
then the traditional paper and pencil, fill in the blank or multiple choice items would be 
sufficient. But the learning of science is much more than the above. Assessments in science 
must ask students to solve problems and analyze experimental results; target scientific reasoning 
and depth of understanding; access information and apply it to real world situations. Classroom 
assessments must match the kinds of tasks that students are asked to do as part of instruction. 
Keep in mind that assessment serves an important purpose in science teaching. It gives us useful 
information about how the student is doing as a learner, how well he/she is doing as a teacher, 
and the effectiveness of the curricula. 



Colorado Model Content Standards 



SCIENCE 



1. Students understand the processes of scientific investigation 
and design, conduct, communicate about, and evaluate such 
investigations. 

2. Physical Science: Students know and understand common 
properties, forms, and changes in matter and energy. 



3. Life Science: Students know and understand the 

characteristics and structure of living things, the processes of 
life, and how living things interact with each other and their 
environment 



Earth and Space Science: Students know and understand the 
processes and interactions of Earth’s systems and the structure 
and dynamics of Earth and other objects in space. 



5. Students know and understand interrelationships among 
science, technology, and human activity and how they can 
affect the world. 

6. Students understand that science involves a particular way of 
knowing and understand common connections among 
scientific disciplines. 
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STANDARD 1: 



Students understand the processes of scientific 
investigation and design, conduct, communicate about, 
and evaluate such investigations. 



RATIONALE 

In everyday life, we find ourselves gathering and evaluating information (data), noting and 
wondering about patterns and regularities, devising and testing possible explanations for how 
things work, and discussing ideas with others. These characteristically human activities mirror in 
many ways how scientists think and work. Scientific investigation ( inquiry ) often begins with a 
question or problem and usually ends with further questions to investigate. Such investigations 
may include long-term field studies and are not limited to direct experimentation in a lab setting. 
They involve the identification and control of variables. Inquiry in the science classroom helps 
students develop a useful base of scientific knowledge, communicated in increasingly mathematical 
and conceptual ways as they progress through school. In addition, scientific inquiry stimulates 
student interest, motivation, and creativity. Designing and conducting investigations encourages 
students to interpret, analyze, and evaluate what is known, how we know it, and how scientific 
questions are answered. The knowledge and skills related to scientific inquiry enable students to 
understand how science works, and are powerful ways for students to build their understanding of 
the scientific facts, principles, concepts, and applications that are described in the other science 
content standards, particularly standards two, three, and four. To comprehend the world around 
them, students need opportunities to pursue questions that are relevant to them'and to learn how to 
conduct scientific investigations. Some scientific inquiries can only be investigated by the use of 
models since actual events are not repeatable. 



The benchmarks under standard one fall into three categories. These categories are: 

1. Designing an investigation 

2. Data collection and measurement 

3. Analysis and interpretation of data 

Formatting the science benchmark into the three categories above, you would have the 
following: 

1. Designing an investigation 
Benchmarks 1.3 and 1.4 

2. Data collection and measurement 
Benchmarks 1.5 and 1.8 

2. Analysis and interpretation of data 

Benchmarks 1.6, 1.1, 1.2, 1.7, 1.9, and 1.10 



1.1 Identifying and evaluating alternative explanations and procedures. 

1.2 Using examples to demonstrate that scientific ideas are used to explain previous 
observations and to predict future events (for example, plate tectonics and future 
earthquake activities). 

1.3 Asking questions and stating hypotheses that lead to different types of 
scientific investigations (for example, collecting specimens, constructing 
models, researching scientific literature) 

1.4 Creating a written plan for investigation. 

1.5 Using appropriate tools, technologies, and measurement units to gather 
and organize data. 

1.6 Interpreting and evaluating data in order to formulate conclusions. 

1.7 Communicating results of their investigation in appropriate ways 
(for example, written reports, graphic displays, oral presentations). 

1.8 Using metric units in measuring, calculating, and reporting results. 

1.9 Explaining that scientific investigations sometimes result in unexpected 
findings that lead to new questions and more investigations. 

1.10 Giving examples of how collaboration can be useful in solving problems 
and sharing findings. 



Comprehensive Life Science Investigation 

Set up a long-term investigation using live organisms such as crickets, mealworms, or anoles. 
Two liter plastic bottles can be used to construct a habitat with one or more chambers to test 
different conditions. Students design a controlled experiment that includes the following 
elements. They pose a question about the selected organism, state a hypothesis based upon 
previous observations, create a written plan including why it is a controlled experiment, and 
conduct the experiment based upon the plan using multiple trials. As they carry out the 
experiment, they use appropriate tools for measurement, organize data through charts and/or 
graphs, make connections based upon the results, evaluate the experimental design, and suggest 
changes to the design. Based upon what was learned, they pose new questions. Some 
suggestions for new questions might include the following: What temperature do the organisms 
prefer? What amount of moisture do they like best? What food do they select the most? When 
are they most actives? 
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Standard 1.1 

Evaluate the following experiment and explain what you would change about the 
experiment and why? Include a discussion on variables, (independent and dependent). 



constants, and the conclusion. Then conduct this experiment using your own procedure 
and evaluate your results. 

A student conducted an experiment using different numbers of magnets and the ability to 
hold paper clips. The student’s hypothesis was: If the number of magnets increases, then 
the number of paper clips held increases. The student data for one trial was the 
following: 



One bar magnet 
Two circle magnets 
Three bar magnets 
Four bar magnets 
Five circle magnets 



6 paper clips 
1 1 paper clips 
16 paper clips 
25 paper clips 
40 paper clips 



The student conclusion stated: The more bar magnets and circle magnets used, the more 
paper clips were held by the magnet(s). This data supported my hypothsis. 



XL Suppose you want to investigate how the human heart rate chanses with 
changes in activity. What materials would you use and what procedures 
would you follow? 
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STANDARD 2 



Physical Science: Students know and understand common 
properties, forms, and changes in matter and energy. (Focus: 
Physics and Chemistry) 

2.1 Students know that matter has characteristic properties, which are related 
to its composition and structure. 

RATIONALE 



Everyone has experience with matter in a variety of forms. Such experiences help build 
students ’ understanding of similarities and differences in the properties of matter. Their 
personal experiences help students understand common properties such as hardness, strength, 
color, shape, and states of matter (solid, liquid, and gaseous). Knowledge of observable 
properties of matter and its structure and composition is helpful in considering matter’s varied 
uses, availability, and limitations in our world. 

2.1.1 Examining, describing, comparing, measuring, and classifying objects based on 
common physical and chemical properties (for example, states of matter, volume, 
electrical charge, temperature, density, boiling points, pH, magnetism, solubility) 

• Examine and describe the states of matter using ice, water and steam. 

• Describe electrical charge through static electricity using balloons, silk, glass 
rods, plastic, etc. 

• Compare the solubility of salt and sugar in water. Change the temperature of 
water and see what happens to the solubility. 

• Measure temperature to determine the boiling points of various liquids. Graph 
results. 

• Compare magnetism of a variety of solids such as copper, iron, aluminum, tin. 

• Classify solutions as acidic or basic using pH, such as lemon juice, household 
ammonia, hair shampoo, tea. 

2.1.2 Separating mixtures of substances based on their properties ( for example. 

Solubility, boiling points, magnetic properties, densities ) 

• Separate a mixture of salt and water by distillation. 

• Separate a mixture of alcohol and water by distillation (observe all safety 
regulations) 

• Separate a mixture of iron filings and sulfur powder using magnets. 

• Separate a mixture of sawdust and sand based on their properties. 
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2.1.3 Classifying and describing matter in terms of elements, compounds, mixtures, 
atoms, and molecules (for example, copper is an element, water is a 
compound, and air is a mixture) 

• Classify objects into characteristic properties of elements, compounds, 
mixtures (such as iron, copper, baking soda, table salt, com starch, sugar) 

• Describe the difference in the molecular structure of water, table salt, oxygen 
in the gaseous state, methane gas in natural gas lines) 

• Describe using models or diagrams, the structure of iron, sulfur, carbon dioxide, 
air. 

2.1.4 Developing simple models to explain observed properties of matter ( for 
example, using a particle model to account for the solubility of a substance ) 

• Demonstrate using small objects (such as beans) or with the use of diagrams, the 
particle nature of table salt dissolving in water, sugar dissolving in water, and 
rubbing alcohol dissolving in water. 



2.2 Students know that energy appears in different forms, and can move (be 
transferred) and change (be transformed). 

RATIONALE 



Energy is a central concept in science because all physical interactions involve changes in 
energy. Students need to understand that all physical events involve transferring energy or 
changing one form of energy into another. When a transformation of energy takes place, some 
of it is likely to appear as heat. Knowledge of forms of energy, its transfer and transformation, is 
essential to interpreting, explaining, predicting, and influencing change in our world. 

2.2.1 Measuring quantities association with energy forms (for example, temperature, mass, 
speed, distance, electrical charge, voltage). 

• Measure the temperature change as heat energy is added to water. 

• Measure how mass affects speed and distance by sliding an object down an 

incline to its natural stopping point. Repeat using a like object of a different mass (e.g. 
block of wood measuring 2by 4 and same kind of wood lby 2 ) 

• Measure the voltage, current, and resistance in a circuit and describe the 
relationship using Ohm’s Law. 

• Design a rubberband powered boat that meets one of the following criteria: 
greatest average speed, greatest distance traveled, longest powered duration 
of travel 

• Compare the relationship between battery mass and power 



2.2.2 Describing qualitative and quantitative relationships, using data and observations 
and graphs, associated with energy transfer or energy transformation (for example , 
speed of object vs. height of ramp; length of string vs. pitch of sound; electric current 
vs. volume of gas produced in electrolysis with length of time kept constant). 

• Quantitative description 

• Roll a ball down an incline, repeat changing the height of the incline. Use 
data to graph speed of object vs. height of incline. 

• Qualitative description 

• Lengthen or shorten the tension on a stretched rubber band. Observe the 
vibration and describe the pitch. 

• Using computer simulations of the electrolysis of water, describe what is 
occurring with the volume of gases produced and the relationship with current. 

2.3 Students understand that interactions can produce changes in a system, 
although the total quantities of matter and energy remain unchanged. 

RATIONALE 



Interactions between matter and energy account for changes observed in everyday events. 
Understanding how matter and energy interact extends students ’ knowledge of the physical 
world and allows them to monitor and explain a wide variety of changes and to predict future 
physical and chemical changes. Students gain both a practical and conceptual understanding of 
the laws of conservation of matter and energy. 

2.3.1 Identifying and classifying factors causing change within a system (for example , 
force , light, heat). 

• When doing pull-ups, identify the factors that determine the work done. 

• Classify the frequency of the wavelengths of the electromagnetic spectrum. 

• Identify the differences among conduction, convection, and radiation. 

2.3.2 Identifying and predicting what will change and what will remain unchanged 
when matter experiences an external force or energy change (for example, 
boiling a liquid, comparing the force, distance and work involved in simple machines). 

• Identify and predict what will change and what would remain the same when an 
ice cube is melted and then heated to the boiling point. 

• Compare the mechanical advantage of a pulley system by varying the number of 
strands 

2.3.3 Observing and gathering data to support the concept of conservation of mass 
within a closed system (for example, precipitation reaction, forming mixtures, 
gas production). 

• Using small scale chemistry, (drops and not mis. of solution) react lead nitrate 
and potassium iodide. Describe the results. 
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• Measure the mass of a quantity of water and a quantity of table salt. Combine 
the two substances and evaporate to dryness. Mass the solid residue. Explain. 

• Measure the mass of a covered vial of water. Add a known quantity of an alka 
seltzer tablet and quickly cover the vial with the lid. Remeasure the mass of the 
solution and the vial. Explain. 

2.3.4 Describing, measuring(/br example, temperature, mass, volume, melting point 
of a substance) and calculating quantities before and after a chemical or 
physical change within a system (for example, temperature change, mass 
change, specific heat). 

• Measure the temperature change and the mass change of a melting ice cube and 
calculate the difference. 

• Describe why the specific heat of water remains constant with different 
quantities of water. 

• Compare the effects of heat on different materials by calculating the specific 
heat of the materials (such as water, aluminum, iron); 

2.3.5 Describing, measuring, (for example, time, distance, mass, force) and 
calculating quantities that characterize moving objects and their interactions 
within a system (for example, force, velocity, acceleration, potential energy, 
kinetic energy). 

• Describe how potential energy converts to kinetic energy as a ball rolls down 
a ramp. 

• Using the model of a roller coaster, describe the following: 

• forces acting upon the roller coaster to slow it down 

• the point of highest potential energy 

• the points of acceleration 

• describe the relationship between the car and velocity 

• Measure the distance across a parking lot. Clock the time it takes to run the 
distance. Calculate the average speed. 



STANDARD. 3: 



Life Science: Students know and understand the 
characteristics and structure of living things, the 
processes of life, and how living things interact with 
each other and their environment. (Focus: Biology -- 
Anatomy , Physiology , Botany , Zoology , Ecology ) 



3.1 



Students know and understand the characteristics of living 
things, the diversity of life, and how living things interact 
each other and with their environment. 
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3.1.1 Constructing and using classification systems based on the structure of 
organisms 

•Construct a classification system using structural characteristics and showing 
at least 2 groups for trees on the school ground or immediate neighborhood. 

Give a rationale for your classification system. Use and compare classification 
systems from other groups. (Same process can be used for a variety of living 
organisms such as animals without backbones.) 

•Construct a dichotomous key for fictitious creatures using structural 
characteristics as the basis for the key. Give a rational for your key. Use and 
compare keys from other students. 

3.1.2 Describing the importance of plant and animal adaptations, including 
local examples 

•Collect a variety of seeds in the local environment. Describe how each seed is 
adapted for dispersal. 

•Draw a picture of an imaginary animal. Based upon its characteristics or features, 
describe how the animal is adapted to its habitat. Include where the animal might 
live, what it might eat, and what role it might play in its community. 
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•Give students a description of a habitat. They invent an animal to survive in the 
selected habitat. Describe the importance for each adaptation for the animal’s 
survival. (Habitat description may be from one of Colorado’s ecosystems.) 

•Make examples of bird beaks using household items/tools. Demonstrate and 
explain how the bird beaks are adapted to gather food 

•Study a planet such as Mars. Design an organism that could live on that planet 
Describe how the animal is adapted to that planet. 

3.1.3 Creating and interpreting food chains and food webs 

•Create food chains for different communities including the local community. 
Interpret the role/niche of each organism in the community (producers, different 
levels of consumers, decomposers). Use several food chains to create a food web 
that illustrates the interrelationships among the organisms in the ecosystem. 
•Create posters or models of food chains to trace the flow of matter (carbon cycle) 
and energy and categorize the organisms in the food chain according to the 
role/niche they serve. 

•Set up an activity or simulation illustrating a food chain with producers, several 
kinds of consumers and decomposers. Determine an appropriate number of 
organisms for each part of the food chain (more producers, less consumers). 
Account for the flow of energy from one organism to another (some energy is 
lost in each step of a food web). 

•Set up a model that shows an ecological energy pyramid for the local community 
identifying local organisms that represent the different energy levels. 

3.1.4 Explaining the interaction and interdependence of nonliving and living 
components within ecosystems 

•Set up a terrestrial or aquatic ecosystem or use a simulation which includes plants 
(producers) r herbivores, and camivores/predators. Describe the living and 
nonliving components of the ecosystem. Observe and record interactions and 
changes in organisms over time. (Can use this to address 3.1.3 also.) 

•Conduct a field study of the local environment. Identify living and nonliving 
components within the study area and explain the interactions and 
interdependence of the components. 

•Conduct a field study of a small sample plot. For the plot, make observations 
and collect data over time of the number of organisms for each species, give 
function/niche of each species, and explain how living and nonliving components 
are interdependent. Apply sampling and measuring techniques. 

•Set up a hay infusion culture for growth of microorganisms. Identify, observe, 
make sketches, and record the kinds of microorganisms seen under a microscope. 
Explain the living and nonliving components and relationships of the mini- 
ecosystem including any food chains. Experiments may be conducted to study 
optimum living conditions for microorganisms in the culture. 



3.1.5 Describing how an environment’s ability to provide food, water, space, 

and essential nutrients determines carrying capacity. 

•Compare and describe the amount of food, water, shelter, and nutrients 
available in two different ecosystems such as a rain forest and desert Explain 
how the available resources determine how many organisms can survive in that 
that ecosystem (canying capacity). Gather and compare data on factors such as 
precipitation and amount of available food. 

•Use a computer simulation or activity to show how limiting factors such as 
amount of food, water, shelter, and/or nutrients can determine carrying 
capacity. Explain each limiting factor and how it determines the number of 
organisms in a habitat 

•Research a population of organisms over time in an ecosystem. Record, graph, 
and analyze the data on how the population changes over time. Describe why 
the changes might occur by including limiting factors (e.g. food, water) that 
determine canying capacity. 
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3.2 Students know and understand interrelationships of matter and 
energy in living systems. 

RATIONALE 

From experience, students know that they must eat food to live. As a result of their study of 
energy movement ( transfer ) and change (transformation) in living organisms, students understand 
that the Sun is the primary and ultimate source of energy for living organisms. They learn why a 
constant input of matter and energy is critical for life. Photosynthetic organisms are critical to all 
organisms and need to be maintained. If one or more components are altered in an ecosystem, all 
other components are affected. Through studying the interrelationships of organisms, students 
learn that they can have a critical impact on other organisms. 



3.2.1 Describing the basic processes of photosynthesis and respiration and their 
importance to life (for example, set up a terrarium or aquarium and make 
changes such as blocking out light) 

•Do an activity showing that green leaves contain starch. Conduct and discuss 
results of an experiment using a plant such as a geranium that demonstrates light 
is needed for the plant to produce starch. (In plants sugar is converted to starch.) 
•Conduct an experiment using a plant such as Elodea to show that oxygen is 
produced by Elodea. 

•Conduct separate plant experiments to demonstrate that carbon dioxide and water 
are necessary components for photosynthesis. Describe the word equation for 
photosynthesis and explain why photosynthesis is important for maintaining life. 
•Draw a picture of a plant such as a tree that shows how nutrients and gases get 
into the plant for photosynthesis to occur. 

•Do an activity using moist plant seeds to show that plant seeds use oxygen 
and produce carbon dioxide during cellular respiration. (Limewater that turns 
milky shows production of carbon dioxide.) 

•Conduct an activity that shows carbon dioxide is produced by the human body. 
Blow through a straw into limewater and observe changes. 

•Make concept maps showing the interrelationship between photosynthesis and 
respiration. 

3.2.2 Comparing and contrasting food webs within and between different 
ecosystems (for example, grasslands, tundra, marine) and predicting the 
consequences of disrupting one of the organisms in a food web 

•Construct a food web using yam to show connections among organisms. Predict 
what will happen when one organism such as a producer or first order consumer 
is removed. Test what happens and explain the consequences. 
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•Research what happened to the Kaibab deer population on the Grand Canyon 
rim when predators were removed from the ecosystem during the early 1900’s. 
Graph and describe what happened to the deer population over several years. 
•Compare different food webs in several Colorado ecosystems. Identify and 
compare the roles/niches of organisms in the webs. 

•Using model terraria and/or aquaria of balanced ecosystems with a variety of 
producers and consumers, observe and chart similarities and differences between 
at least two ecosystems. Remove an organism and predict what will happen. 
Describe and analyze the results. 

•Research an ecosystem before and after a natural disaster that dramatically 
changed the ecosystem (e.g. Mount St. Helens). Compare and contrast food 
webs before and after the disaster. 



3.2.3 Describing ways (for example, digestion , transport of nutrients by circulatory 
system) that multicellular organisms get food and other matter to their cells 












Describe how a piece of bread gets changed as it goes through the digestive tract 
so it can be used by body cells for energy. 

Do simple activities to demonstrate diffusion of gases and liquids. Then set up a 
model of a semi-permeable cell membrane using a membrane such as sausage 
casing or a plastic bag. Put cornstarch inside the casing and immerse it in a 
beaker of water to demonstrate osmosis. 



Draw and label a diagram showing how plants such as a rose bush get water and 
essential nutrients to their cells. Explain the diagram. (See activity 4 under 
3.2.1.) 



3.2.4 Explaining the recycling of materials by determining a pathway of a 
substance that is important for life (for example, trace water through an 
ecosystem) 

•Trace and explain how matter is recycled and some energy is lost in each step 
of a food web. 

•Construct a diagram to illustrate how matter, chemical nutrients, and minerals are 
cycled through the living and nonliving parts of an ecosystem. 

•Set up a cloud chamber that shows the water cycle. Make a labeled drawing 
showing the cycle and explain why the water cycle is important to life. 

•Using a diagram explain how animals need plants to live and how plants need 
animals to live by describing the oxygen-carbon dioxide cycle. 

•Trace how water gets to the leaves of a plant such as a geranium. Shew that 
water is given off through the process of transpiration by putting a plastic bag 
over a plant that has been watered. 
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3.2.5 



Describing the role of organisms in the decomposition and recycling of dead 
organisms (for example , bacteria’s role in the decomposition and recycling of 
matter from a dead animal) 

•Study a rotting log. Set up a chart and record observations on the number, kinds, 
and roles of organisms involved in decomposing and recycling the log. 

•Using a microscope or hand lens, observe one or more soil samples and list 
organisms found in each one. Set up a composting chamber by using two litter 
bottles to show how nutrients are returned to the soil (nutrient cycle).Observe 
and describe what happens to dead leaves or other plant parts as they decay. 
Describe the role of decomposers, water and air in the process. 

•Design and conduct an experiment about a question on the role of decomposers 
(e.g. Do worms increase the rate of decomposition?) 
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3.3 Students know and understand how the human body functions, 

factors that influence its structures and functions, and how these 
structures and functions compare with those of other organisms. 

RATIONALE 



Students are interested in learning about their bodies and how they relate biologically to other 
forms of life. The study of structure and function, body organization, growth and development, 
and maintenance of other organisms enhances students' understanding of human development, 
health, and disease. Knowledge of these areas can assist students in making informed choices 
regarding nutrition, exercise, and other factors that influence how their body functions. 

3.3.1 Describing the observable components and functions of a cell (for example, 
cell membrane, nucleus, cytoplasm, chloroplasts; movement of molecules into 
and out of cells) 

•Identify various cell components/organelles (e.g. cell wall, cell membrane, nucleus, 
and chloroplasts) and describe their functions. 

•Make models of plant and animal cells showing components. Describe functions 
of the labeled components. 

•Write a description of how cell components function like a factory. 

•Observe plant and animal cells under a microscope (e g. onion, cheek, frog blood). 
Draw and label components such as cell membrane, cell wall, nucleus, cytoplasm 
and chloroplasts. 

•Using photographs or viewing under a microscope, identify a variety of cells 
as either plant or animal and give reasons for making each choice. 

3.3.2 Comparing and contrasting the basic structures and functions of different 
types of cells (for example, single-celled organisms in pond water, Elodea, 
onion cell, human cheek cell) 

•Using a microscope examine different types of cells. Make a series of labeled 
drawings and compare the basic structures of different types of cells. Give 
examples of specialized functions of selected cells (e.g. nerve cell, muscle cell, 
plant cell with chloroplasts, sperm cell). 

•Using a microscope observe siomata from the lower surface of a lettuce leaf. 
Make a labeled sketch of a stoma (opening) and the two guard cells. Explain 
how the stomata function in plants. 

•Compare and contrast a variety of plant and animal cell photographs. Set up 
a way to show structural similarities and differences (e.g. chart, Venn diagram) 
between plant and animal cells. 

•Using a microscope, find and draw examples of single-celled organisms. Label 
structures and describe how the cell components function for the organism’s 
survival. 

3.3.3 Describing the growth and development of several organisms (for example, 
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embryonic development of a vertebrate) 

•Observe, describe, and measure changes that occur in selected organisms such as 
a bean, Wisconsin Fast Plant, frog or chicken as it develops from a seed or 
fertilized egg to an adult. 

•Set up one terrarium with mealworms and a second terrarium with crickets. 

Using charts and/or drawings, describe and compare the process of development 
for the two organisms. 

•Research the process of growth and development of a tree and a herbaceous plant 
such as a bean. Describe and draw pictures of stages of development (e.g. seed, 
seedling, mature plant, advanced age plant). Compare the length of life and 
seed production. 

3 -3.4 Describing the structures and functions of human body systems 

•Make a labeled drawing showing the organs of one system of the human body 
(e.g. digestive, reproductive, respiratory) and describe the function of each organ. 
•Draw a diagram of the circulatory system showing the four heart chambers and 
veins and arteries entering or leaving the heart. Trace the flow of blood through 
the heart and lungs. Describe the role of platelets, red, and white blood cells as 
part of the circulatory system. 

•Construct a concept map showing systems of the human body and the major 
organs that make up those systems. Select one body system (e.g. digestive, 
respiratory) and expand the concept map to include the function of organs in 
that system. Share concept map with other students. 

33.5 Describing and giving examples of noncomm unicable and communicable 
diseases (for example, heart disease and chicken pox) 

•Compare a communicable disease with a noncommunicable disease. Describe 
how people can have the disease (e.g. respiratory flu and heart disease) and 
how to lower the risk of having the disease. ' 

•Do a simulation showing how communicable diseases are passed from one 
person to another. Describe what conditions might cause the communicable 
disease to spread more or less rapidly. 

•Through mathematics, select a microoganism that causes a communicable disease 
and show how it can multiply rapidly under the right conditions. Graph and 
describe the data. 

•Write one or more scenarios on how a selected communicable disease can 
be transmitted from one person to another. Describe how to lower the risk 
of being infected. 

•Describe how smoking can affect the respiratory system. 

•Describe ways to lessen the risk of having heart disease. 



3.4 Students know and understand how organisms' change over time 
in terms of biological evolution and genetics. 



RATIONALE 

Students study the scientific concept of biological evolution-the changes in populations of 
organisms through time-in order to understand diversity and relatedness within the living world. 
Inquiries into evolution explain the ways in which natural processes produce life s diversity. 
These studies help students understand that evolution is the major unifying concept in the 
biological sciences and that it explains a wide variety of observations that can be made about the 
living world. In particular, students see that the study of evolution initiates questions about 
biodiversity, adaptation, genetics, mutations, the geological record, and the observed unity at 
molecular and whole-organism levels. This content standard does not define any student 
expectations related to the origin of life. 



3.4.1 Describing the purpose of body cell division and sex cell division 

•Make models showing the number of chromosomes in an organism (e.g. mouse, 
cat, human) after mitosis and meiosis. Compare and discuss why sex cells have 
half the number of chromosomes of body cells. 

•Give examples of chromosome numbers for a variety of organisms. Ask what 
the chromosome number would be for a variety of new cells produced in each 
organism (e.g. human brain cell, human egg cell, rabbit muscle cell, rabbit sperm 
cell). Describe which process, mitosis or meiosis, produced the cell and why. 
•Describe why asexual and sexual reproduction use different processes, mitosis 
or meiosis. Demonstrate the difference between the two processes through a 
model. 

•Describe sexual reproduction patterns in a variety of animals and flowering 
plants. 



3.4.2 Describing the role of chromosomes and genes in heredity (for example, 
genes control traits, while chromosomes are made up of many genes) 

•Do an activity illustrating how fingerprint patterns on both hands show how each 
human is unique. Describe how genes and chromosomes are involved. 

•Measure and graph variations in human traits such as hand size, little finger 
length and/or pulse rate. Using class data, make a chart and/or graph showing 
variation of one human trait. Describe how genes and chromosomes are 
involved. 

•Conduct a natural selection simulation to demonstrate that a specific trait has 
selective advantage for an organism. 

•Demonstrate that genes and chromosomes come in pairs and are composed of 
many genes. Describe how genetic material is transmitted. 

•Use Punnett squares and pedigree charts to demonstrate how single gene traits 
are expressed in the offspring e.g. tongue rolling. 

38 
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3.4.3 Describing evidence that reveals changes or constancy in groups of 
Organisms over geologic time. 

•Select an organism that has changed over time such as the horse or Galapagos 
finches. Describe the changes. 

•Look at fossils in rocks that give evidence for change or constancy over time. 
•Develop a timeline of the appearance and disappearance of different species 
in the fossil record. 

•Set up a simulation that shows how a population can change over time 
e.g. peppered moth in England 



STANDARD 4: 



Earth and Space Science: Students know and understand 
the processes and interactions of Earth’s systems and the 
structure and dynamics of Earch and other objects in space. 
(Focus: Geology , Meteorology, Astronomy, Oceanography) 

4.1 Students know and understand the composition of Earth, its history, and 
the natural processes that shape it. 

RATIONALE 



By studying Earth, its composition, history, and the processes that shape it, students gain a 
better understanding of the planet on which they live. Landforms, resources, and natural events 
such as earthquakes, flooding, and volcanic eruptions affect the location of population centers. 
Life throughout geologic time has been, and continues to be, affected by changes that occur at a 
varying rate on Earth ’s surface and composition of the Earth provides a basis for making 
informed decisions. Understanding geologic events, such as earthquakes and volcanic 
eruptions, allows students to make responsible choices, evaluate the consequences, and predict 
the impact of future occurrences. 

4.1.1 Explaining how minerals, rocks, and soils form. 

• Students explain the differences between rock and minerals and develop 
a Venn diagram to organize the information. 

• Diagram and explain the events occurring in the rock cycle. 

• Practice mineral identification using a variety of process tests. 

Granite is a form of igneous rock. Which statement is most likely true about 
the formation of granite? 

A* Granite results when magma is cooled. 

B Granite is formed from other rocks subjected to heat and pressure 

C Granite is formed underwater in inland lakes 

D Granite results from long periods of weathering and erosion. 

Massachusetts 1998 




40 



4 



<u 



Explaining how fossils are formed and used as evidence to indicate that life 

has changed through time. 

• Using fossil evidence, explain how life has changed geologically over time 
Try to include all the major geological time periods. 

• Students analyze a stratigraphic column with and without fossils. 

• Practice arranging fossils in chronological order using fossil samples, fossil 
cards, or something similar. 

• Explain how relative and absolute dating methods are used to determine 
earth’s history. 

Modeling natural processes that shape Earth’s surface (for example, 

weathering, erosion, mountain building, volcanic activity) 

• Students can be given clay to build strata and asked to demonstrate folding. 

• Model and describe the erosion/deposition relationship in river types, mass 
movements, and glacier features using clay, stream tables, slides, diagrams, etc. 

• Distinguish among volcano types based on shape and eruption type. 

Explaining the distribution and causes of natural events (for example, 

earthquakes, volcanoes, landslides) 

• Students find earthquake center using three seismographic stations. 

• Students plot earthquakes and volcanoes to identify earth’s plates and 
ring of fire. 

• Students study Colorado geographical sites such as the Florrisant Fossil 
Beds or the Denver Basin Project. 

• Demonstrate an understanding of the relationship among continental drift, 
seafloor spreading, and plate boundary activity that results in surface and 
subsurface feature. 



4.2 Students know and understand the general characteristics of the 
atmosphere and fundamental processes of weather. 

RATIONALE 



Our Earth ’s atmosphere is vital to life. The Sun atmosphere affect every aspect of our lives, 
including work productivity, food supply, energy use, transportation, recreation, environmental 
quality, and human health and safety. Weather-related choices we make range from selecting 
appropriate clothing to more complex situations, including preparing for and responding to 
hazardous weather. Preparedness and response to weather conditions require knowledge of 
how energy transfer influences atmospheric changes. The more we know about weather, the 
greater the chances that we will make informed decisions concerning its impact. 

4.2.1 Describing the basic composition, properties, and structure of the atmosphere (for 
example, the range and distribution of temperature and pressure in the troposphere 
and the stratosphere) 

• Students graph temperature layers of the atmosphere. 

• Explain using models, how the temperature changes as you move from 
the surface of the earth upward to the outer part of the atmosphere. 

• Describe the composition of the atmosphere using the appropriate properties 
of the abundant and trace carbon dioxide and ozone gases. 

• List and explain some possible connections between human activities and the 
atmosphere with the greenhouse effect, global warming, and ozone depletion. 

• Explain the effect of the atmosphere on incoming solar radiation 

4.2.2 Observing, measuring, and recording changes in weather conditions (for 
example., humidity, temperature, air pressure, cloud types, wind, 

precipitation) 

• Explain the climate factors that explain Colorado’s climate (altitude, topography 
elevation, position on the continent) 

• Make a cloud in a bottle and explain 

• Record wind, air pressure, humidity, precipitation, temperature for a specific 
length of time; graph the information and compare to the same time frame in 
past years. 

• Describe the effects of humidity and atmospheric pressure on the human 
condition. 

4.2.3 Explaining how atmospheric circulation is driven by solar heating (for example, the 
transfer of energy by radiation, convection, conduction). 

• As you boil an egg in a pan of water, explain how radiation, conduction, 
and convection are used to cook the egg and how they relate to the 
atmosphere. 
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• Understand the role of the Coriolis Effect, convection, and water and land 
masses in atmospheric circulation. 

4.2.4 Describing large scale and local weather systems (for example, fronts, 
air masses, storms). 

• Explain the difference between weather and climate 

• Students analyze local, state, and national weather maps. 

• Access the Internet for real time weather information and data and discuss 



4.3 Students know major sources of water, its uses, importance, and cyclic 
patterns of movement through the environment. 

RATIONALE 



The world’s water is vital to life. Both subtle and wholesale changes in Earth ’s water can have 
profound effects on human existence. In order to preserve both the quality and quantity of water 
for daily living, wise management of water resources is crucial. As the population and 
economies of the world grow, water becomes an even more important political and economic 
issue. Knowing the properties of water, its influences on weather, and its availability is 
necessary for understanding its importance to life. Knowledge of Earth ’s oceans is important 
for an understanding of how they affect weather, climate, and life. It is important to understand 
the circulation of water because the amount of water on Earth is finite. 

4.3.1 Investigating and comparing the properties and behavior of water in its solid, 
liquid, and gaseous states 

• Graph the temperature as a small amount of water is heated to its boiling point; 
cool water until it is frozen and determine its freezing point. Discuss the boiling 
point of water at higher elevations such as in Denver, at the top of Pikes Peak. 

• What does the dew point refer to? 

4.3.2 Describing the distribution and circulation of the world’s water through 
oceans, glaciers, rivers, groundwater, and atmosphere. 

• Students will explain the water cycle in detail with the use of diagrams, 
models, and/or computer simulations. 

• How would the damming of a stream affect the profile of equilibrium 
in the surrounding area? 

• Where do colder climates move valley glacier fronts? 
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4.3.3 Describing the composition and physical characteristics of oceans 
(for example, currents, waves, features of the ocean floor, salinity). 

• Build a model of the ocean floor showing physical features. 

• Describe the movement and motion of ocean waves beyond breakers. 

• How does the contour of dry land compare and contrast with the 
contour of the ocean floor? 

• Calculate ocean depth using sonar data (depth = 1/2 time x velocity of sound 
in ocean water. 

• Explain ocean currents in terms of temperature, density, salinity, and 
geographic location. 

4.4 Students know the structure of the solar system, composition and 
interactions of objects in the universe, and how space is explored. 

RATIONALE 

Observing the sky has always fascinated human cultures and civilizations. These observations 
resulted in the development of ways to measure time and predict natural phenomena. All bodies 
in space, including Earth, are influenced by forces acting throughout the solar system and the 
universe. Studying the universe enhances our understanding of Earth ’s origins, its place in the 
universe, and its future. Much of what we know about Earth ’s atmosphere and our solar system 
is due to space exploration. Modern society benefits from many of the technological advances 
developed for space exploration, including robotics, telecommunications, satellites, and 
miniaturized components used in computers and other electronic devices. Knowledge of the 
universe and past space exploration enables people to make informed decisions about the future 
of space exploration. 

4.4.1 Describing the basic components, composition, size, and theories 
of the origin of the solar system. 

• Build to scale, a model of the solar system. 

• Discuss the controversy about the planet Pluto and its rank as a planet 
in our solar system. 

• Distinguish between the Big Bang theory and the Dust Cloud theory. 

• Explore relative distances within the solar system and the universe and 
relate to space travel. 

4.4.2 Explaining the effects of relative motion and positions of the Sun, 

Earth, and Moon (for example, seasons, eclipses, moon phases, tides). 

• Why is Polaris the only star that does not seem to change positions 
during the night in the Northern Hemisphere? 

• How does the moon affect the tides? 
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• Demonstrate using diagrams and models, what is meant by a solar eclipse, 
lunar eclipse, moon phases, and seasons on Earth. 

Comparing Earth to other planets (for example, size, composition, 
relative humidity, distance from the Sun). 

• Build models of planets comparing size and diameters 

• Explain why the surface temperature on Venus is so much higher than on Earth. 

• Compare and contrast Earth with one other planet. 

• How does the length of year, length of day, temperature, orbit, and solstice 
compare with that of Earth? 

Identifying technology needed to explore space (for example, telescopes 
Spectroscopes, spacecraft, life support systems) 

• How has the Hubble Space telescope advanced our knowledge of deep space? 

• What are the advantages and disadvantages of optical and radio telescopes? 

• How are spectroscopes used in astronomy? 



STANDARD 5: 

Students know and understand interrelationships among 
science, technology, and human activity and how they 
can affect the world. 



RATI ON A TF. 

Our world is shaped in many ways by scientific advances, technology (involving applications of 
science), and human activity. Science and technology provide useful connections between the 
natural world and. the designed world. Since the invention of stone tools, technological 
applications have provided, and will continue to provide, humans the ability to modify their 
environment. Because scientific advances and technology affect all of Earth’s living and 
non-living systems, it is vital that students understand the interrelationships of science, technology, 
and human activity. 



5.1 Investigating and describing the extent of human uses of renewable and 
non-renewable resources (for example, forests, fossil fuels) 

• Teams of students do an energy audit of the school building. 



Sample Questions 



Open-response Question: 

Identify and describe two power systems that do not rely on the burning of 
fossil fuels and that can be used in a transportation vehicle. 
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5.2 Describing advantages and disadvantages that might accompany 
the introduction of a new technology (for example, mountain bikes, 
cellular telephones, pagers). 

• Discuss the advantages and disadvantages with computer technology 
over time. 

Apply scientific and technological information to solve problems and/or make 
decisions. 

Suppose a synthetic dairy cream is developed that has the taste and cooking 
characteristics of real dairy cream. The synthetic product contains no animal fat 
or calcium compounds. A government panel will decide whether the product is 
safe for human consumption. Which question is LEAST important in making this 
decision? 

A. Are there any negative side effects after eating the product? 

B* What company produced the product? 

C. How long was the safety of the product researched? 

D. Under what conditions was the product tested? 

TEXAS 1992 

5.3 Describing how the use of technology can help solve an individual or 
community problem, (for example, using catalytic converters on automobiles 
to help reduce air pollution) 

• Design and build a nature trail designed for handicapped accessibility 
e.g. braille signs, wheel chair accessible 

• Design and build a model solar powered automobile. 

• Investigate a community problem ( e.g. air pollution, water pollution, 
traffic, toxic waste) and brainstorm ways to solve the problem. 

5.4 Describing how people use science and technology in their professions. 



Sample Questions 



Open-response Question: 




Various areas in New England are being considered for a low-level industrial toxic 
waste site. Describe two possible effects of such a site on the local environment. 
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STANDARD 6: 

Students understand that science involves a particular 
way of knowing and understand common connections 
among scientific disciplines. 



rationale 

Human societies have long asked questions about, observed and collected data on, and offered 
explanations for natural phenomena. Scientific evidence and knowledge are distinguished from 
other ways of knowing and other bodies of knowledge in terms of the criteria that must be met. 
Tnese criteria include the use of empirical standards and rules of evidence, a logical structure, 
rational thought, questioning, and openness to criticism. Scientific disciplines differ from one 
another in what is studied, techniques used, and outcomes sought. They- share a common 
purpose to explain and predict events and phenomena — and offer strategies to solve defined 
problems ^ Scientific knowledge is dynamic. Although some scientific theories have withstood 
the. test oj time and are still used, other knowledge claims have been altered by new scientific 
evidence. Change, continuity, and stability are characteristic features of science. 

Adthough acquiring scientific knowledge of laws, concepts, and theories is central to learning 
science, it does not necessarily lead to an understanding of how science itself works. Students 
need to understand that science works by weaving different aspects of science together so that 
they reinforce one another. To bring coherence to seemingly diverse sets of ideas or facts 
involving natural phenomena, scientific themes such as change, systems ; models, and 
organization are highly useful. Themes can encompass and connect large quantities of basic 
data and evidence in science and can be used to integrate science with other disciplines. 

6.1 Explaining why a controlled experiment must have comparable results when 
repeated. 

6.2 Giving examples of how scientific knowledge changes as new knowledge is 
acquired and previous ideas are modified (for example, through space 

exploration). 

6.3 Describing contributions to the advancement of science made by people 
in different cultures and at different times in history. 

6.4 Identifying, comparing, and predicting variables and conditions related 
to change (for example, climate, population, motion). 

6.5 Identifying and illustrating natural cycles with systems (for example, 
water, planetary motion, geological changes, climate) 

6.6 Using a model to predict change (for example, computer simulation, video 
sequence, stream table) 



Using the following examples from Iowa as a reference: 

• Which of these statements about scientific knowledge is the best one? 

A. Scientific knowledge is a well-organized collection of facts. 

B. * Today’s scientific knowledge owes something to data and ideas from the past. 

C. Today’s scientific knowledge has been produced by today’s scientists. 

D. Scientific knowledge contains only statements that are 100% true. 

• Are biology, chemistry, and physics connected or not connected? They are: 

A. Not connected, because they are built on different basic ideas 

B. * Connected, because some of the ideas in each one have connections with the ideas in 

the other two. 

C. Connected, because mathematics ties them together 

D. Not connected, because each one studies something very different from what is 
studied by the other tow 

• Today scientists are doing experiments to see if one of Einstein’s theories is right when it 
predicts that light rays will bend as they pass near a very large object such as a star. This is 
an example of how 

A. * Theories suggest experiments to do 

B. It is important to have an exact measurement of how fast light travels 

C. Experiments must be done in order to prove that a theory is really true 

D. Theories are still doubted long after they are proven true 

• The designing of a television set is a problem of 

A. Science, because to do it you need brain power 

B. Science, because to do it you need to do experiments 

C. ® Technology, because it leads to a useful device 

D. Technology, because it involves working with electricity 

• Some scientists want to find out what helps a new kind of plant to grow. Which of the 
following students is most right about what these scientists WON’T DO? 

A. Wayne, who says they won’t use what they already know to think what the answer to 
the problem might be 

B. Sally, who says they won’t write a mathematical equation for the growth of the new 
plant 

C. * Jim, who says they won’t think about the things that help other kinds of plants to 

grow 

D. Judy, who says they won’t go to the library and read what other scientists have said 
about plant growth 
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• Betty is planning an experiment to find out whether potassium is important in the growth of 
a certain plant. Her teacher suggests growing one group of these plants in soil with nitrogen 
and phosphorus, but no potassium. The teacher will probably also suggest that Betty grow 
another group in soil with 

A. Potassium only 

B. * Nitrogen, phosphorous, and potassium 

C. Nitrogen and potassium, but not phosphorus 

D. Nitrogen and phosphorus, but not potassium 

• Students read an account of an historical or contemporary scientific study and report on it, 
using the benchmarks of standard six as the guidelines for study. Questions that should be 
addressed in the student’s work are the following: 

• What factors (personal, technological, cultural, and/or scientific) led this person to the 
investigation? 

• How was the investigation designed and why was it designed as it was? 

• What variable were used in the study? What models, if any, were used to help the 
investigator? 

• What data was collected? 

• What was the interpretation of the data? 

• What were the investigator’s conclusions based on the accumulation on data? 

• Were the conclusions tied to major cultural or theoretical assumptions at that point in 
history? 

• How did the investigator try to persuade others? Were the investigator’s findings 
accepted? Why or why not? 

• How did the results of the investigation influence society as a whole? 

• Were there ethical dimensions to this investigation? How were they resolved? 

• Did the investigator’s work have a connections to other areas of science? 

• Did the investigator’s work have connections to other disciplines of study? 

A certain law can’t explain some of the facts that it should explain. Scientists 

A. May change the unexplained facts so that the law can explain them 

B. *May change the law so that more of the facts can be explained 

C. Should throw out the law and make a new one immediately 

D. Should show that the law is wrong in the case of all facts 

A scientist named Hooke did many experiments with springs and found that most springs stretch 
by twice as much when the amount of weight hung on the spring is made twice as great, that they 
stretch by three times when the amount of weight is made three times as great, stretch four times 
as much when four times as much weight, and so on. This led Hooke to make a general rule for 
how much springs stretch when different weights are hung from them. This story is an example 
of how some scientists have 

A. Come up with a scientific theory 
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B. Tested a scientific hypothesis 

C. * Come up with a scientific law 

D. Come up with ideas about real things from ideas about imaginary things. 
Whenever scientists carefully measure any quantity many times, they expect that 

A. All of the measurements will be exactly the same 

B. Only two of the measurements will be exactly the same 

C. All but one of the measurements will be exactly the same 

D. * Most of the measurements will be close but not exactly the same 
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STANDARD 1: 



Students understand the processes of scientific 
investigation and design, conduct, communicate a ou 
and evaluate such investigations. 



Formulating A Hypothesis 



30. Bob set up two identical bowls which both contained sugar water and both were 
open to the air. One was put in the dark while the other was put in the light. What 
is the one item that is different from one set-up to the other? The 



A) exposure to light. 

B) shape of the bowl. 

C) *' exposure to air. 

D) amount of sugar in each. 



31 . 



Which of these statements best represents a hypothesis? 



A) This magnet picked up twelve paper clips. 

B) The milk in this bottle froze in twenty minutes. 

C) The house plant may have died from being watered too much. 

D) The leaves on chat maple tree have all turned red. 

E) At that rate, the pool filled in ten minutes. 



1.3 



Iowa 94-95 



16. Several students notice that the river running through a park is shallower 
than it was one week before. One student says that this change. must be 
due to a lack of rain. This statement is best described as 

A a hypothesis that can be investigated 

B an observation based on theory 

C a conclusion based on firm evidence 

D a theory based on experimentation 
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Sample Questions 
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5 10 15 20 25 30 

Time (days) 



Charles weighed his new kiccen every day for the first thirty days after it was born. 
He plotted the data in the graph shown above. In which period did the kitten gain 
weight fastest? 

A. day 5 to day 10 

B. day 10 to day 15 
*C. day 15 to day 20 

D. day 20 to day 25 
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Multiple-choice Questions: 

^^B Diane has places in her yard char are dry and shady where no grass grows. She mirsc choose 
one of three kinds of grass seed to use in these places. Which is the best question for her to 
answer to decide which grass seed to choose? 

*A. . Which seed will produce grass that will grow best in dry and shady conditions? 

B. How can the shade be reduced so that grass seed will grow better in the bare places? 

C. Which grass seed will germinate the fastest? 

D. What kind of fertilizer will cause grass to grow in the bare places? 

1.3 

B^^B A class designed and built several bridges using soda straws and straight pins. 

Which test would determine which of the bridges is strongest? 

Add weights to the center of each bridge until it collapses. 

B. Compare the heights and lengths of the bridges. 

C. Weigh each bridge to determine which has the most material in its structure. 

D. Count the number of straws and pins used to build each bridge. 
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Open-response Question: 

A company plans to manufacture coffee cups using one of four different materials. 
The company’s managers want to use the material that will keep coffee hot for 
the longest possible time. 

Design an experiment to test the four materials for their capacity to hold heat. 

List and describe each of the steps you would use to test the materials, including 
what data vou would collect. 
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Nl. A girl had an idea that plants needed minerals from the soil for healthy growth. 
She placed a plant in the Sun, as shown in the diagram below. 



Sunlight 



/ 







c 



j 



Sand, minerals and water 

In order to check her idea she also needed to use another plant. Which of the 



following should she use? 



A. Dark cupboard 



B. Dark cupboard 



C. Sunlight 
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Sand, minerals and water 



Sand and water 
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Sand only 



D. Sunlight 



E. Sunlight 
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Sand and water 



Sand and minerals 
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Subject 


ttem Key 


Content Category 


Performance 

Expectation 


International Average 
Percent of Students 
Responding Correctly 


International 

Difficulty 

Index 


Upper Grade Lower Grade 


Science 


D 


Environmental Issues and 
the Nature of Science 


Investigating the Natural 
World 

02 


45 % 40% 
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Sample Questions 









Multiple-choice Questions: 

El Ac the end of every hour during a recent snow storm, Carlos measured the total amount 
of snow thac had fallen. The cable below shows the data he collected. 



Time 


Snow Depth (cm) 


End of first hour 


3.0 


End of second hour 


6.0 


End of third hour 


9.0 


End of fourth hour 


12.0 



Which graph-best represents the daca shown in the table? 




Time 1.5 
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Making Inferences 
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Liquid A 




Liquid B 
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Powder A 



Liquid C 
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-Bubbles 



Liquid A 
+ Powder A 



A r 




Liquid B 
+ Powder A 










Liquid C 
+ Powder A 



2 1 . Which inference is best supported by the above conclusions? 

A) Liquids A and C are the same. 

B) Liquids A and B are not the same. 

C) Liquids B and C are both the same. 

D) Liquids A, B and C are all the same. 

E) None of the above answers is correct. 
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Powder A 
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Interpreting Data 

28. The following data are taken from an experiment: 



Temperature 

(average) 


Seed Weight 
(gram) 


Water 

Consumed 

(ml/day) 


Exposure to 
Light 

(min./day) 


Plant Height 
(cm/20 days) 


20°C 


2.2 


10 


20 


20.2 


50°C 


2.3 


. 10 


20 


20.3 


30°C 


2.3 


10 


20 


20.2 


25°C 


2.1 


10 


20 


20.3 


25°C 


2.3 


• 10 


30 


21.9 


25°C 


2.2 


10 


40 


22.8 


20°C 


2.2 


10 


30 


21.8 


20°C 


2.1 


20 


30 


21.9 


20°C 


2.2 


'30 


30 


22.0 



Based on the daca above, what factor do you dunk influences the speed of the plant 
growth most? 



A) The temperature where the plant is grown. 

B) The seed weight: 

C) The amount of water consumed every day. 

D) The length of the period the plant is exposed to the light. 
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32. Examine the data table below and select the most appropriate hypothesis regarding 
dissolving time and water temperature. 





Average dissolving time (in seconds) 




Substance 


Water 20°C 


Water 40°C 


Water 50°C 


Water 60°C 


20 g of sugar 


. 80 


40 


20 


5 


20 g of salt 


60 


30 


16 


0 



A) 

B) 

C) 

D) 



There is no difference in dissolving time of the substances due to water 
temperature. 

The lower the temperature of water, the shorter would be the dissolving 
time of the substances. 

The higher the temperature of the water, the shorter the dissolving time of 
the substances. 

It is impossible to make a hypothesis from the information given in the 
chart. 
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34. A student wants to test to see if the color of cloth influences the amount of heat 
absorbed. He plans an experiment using two colors of cloth to wrap two different 
glasses each containing the same amount of water. One glass is wrapped with 
green cloth, and the other is wrapped with yellow. He puts them under the sun's 
rays and puts a thermometer in each glass to observe the temperature. What things 
can you suggest to improve his tesur.g? 

A) To add to the number of glasses to be covered with the cloth. 

B) To reduce the amount of water in each glass. \ m 3 

C) To prepare more containers each covered with a different color of cloth. 1 . 1 

D) To double the size of the cloth used to cover the glass. Iowa 
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29. Here is an experiment that shows how much peanut plants grew in 20 days. 

Inches 



Data 
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Growing Time 


20 Days 


20 Days 


20 Days 


20 Days 


20 Days 


Amount of 
Plant Food 
Added 


2 grams 


2 grams 


2 grams 


2 grams 


2 grams 


Water Added 


50 ml/day 


75 mt/day 


100 ml/day 


60 ml/day 


150 ml/day 



Look at the chart above. What conclusions could you make from this experiment? 



A) The more plant food added, the faster the plant grew. 

B) The more water added with a certain amount of plant food, the faster the 
plant grew. 

C) The more water added with a certain amount of plant food, the slower the 

plant grew. - 1.6 

D) The more plant food added with a certain amount of water, the slower the 
plant grew. 

Experimenting 

34. A student wants to test to see if the colorof cloth influences the amount of heat 
' * * absorbed. He plans an experiment using two colors of cloth to wrap two different 
glasses each containing the same amount of water. One glass is wrapped with 
green cloth, and the other is wrapped with yellow. He puts them under the sun’s 
rays and puts a thermometer in each glass to observe the temperature. What things 
can you suggest to improve his testing? 

A) To add to the number of glasses to be covered with the'cloth. 

B) To reduce the amount of water in each glass. 

C) To prepare more containers each covered with a different color of cloth. 

D) To double the size of the cloth used to cover the glass. 1 • ] 
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27 A student wants to know how the amount of acid rain affects the fish population. 
She takes two jars and fills each of the jars with the same amount of water. She 
adds fifty drops of vinegar (acid) to one jar and adds nothing extra to the other. 

She then puts 10 similar fish in each jar. Both groups of fish are cared for 
roxyeen food etc.) in identical fashion. After observing the behavior of the fish 
for a'week she makes her conclusions. What could you suggest to improve this 
experiment without adding another variable? 

A) Prepare more jars with different amounts of vinegar (acid). 

B) Add more fish to the two jars already in use. 

C) Add more jars with different kinds of fish and different amounts of vinegar 

(acid) in each jar. 61 
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Performance Based Instructional Task: Physical Science 
Grade: 7 




Maryland Learning Outcomes: Nature of Science, Habits of Mind, 

Process of Science, Applications of Science 
Potential Cross Curricular Connections: Heading, 'Writing, Mathematics 




Outcome/Indicator Activity Match. 



Activities 


Outcomes 


Indicators 


Activity 1 


#2 Nature of Science 


• Develop a testable hypothesis. 


Activity 2 


#2 Nature of Science 


• Design a scientifically valid 

experiment to address a 
question or problem. 


Activity 3 


#5 Processes of Science 


• Use appropriate materials to 

conduct an experiment and use 
• statistical metnods to analyze 
data. 


Activity 4 


#2 Nature of Science 


• Demonstrate ability to describe 

data collected by personal 
experience and to explain 
(mathematically) physical 
phenomena. 


Activity 5 



#5 Processes of Science 


• Communicate experimental 

procedures and findings in 
writing. 





62 GS 



Activity 6 


#3 Habits of Mind 


• Give evidence to support 

answers. 




#6 Applications of Science 


• Use knowledge of science to take 

a position relative to an issue. 



Overview. 

In this task, students are asked to use the methods of science to investigate a practical 
situation. They design, conduct and analyze an investigation. This information is then used 
to answer a hypothetical question related to the situation. 



Teacher Directions. 

Activity 1. Make arrangements for access to resource materials or library/media 
center. 

Activity 3. Approve experimental designs and ensure proper safety procedures are 
followed. 



Materials Required. 

Varies based on students experimental designs. 



Estimated Time. 



Activity 1. 
Activity 2. 
Activity 3. 
Activity 4. 
Activity 5. 
Activity 6. 



60 mins. 

60 mins. 

Varies based on experimental design 
45 mins. 

45 mins. 

45 mins. 
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Collisions 
Student Booklet 



Tennis, like any game, is regulated by definite rules and regulations. Tennis racquets 
are designed and man ufac tured to meet certain requirements and to match the skill level and 
strength of the player. The companies which produce the tennis balls must follow established 
specifications and their products are tested with sophisticated equipment. Tennis courts have 
set dimensions. However, court surfaces vary from place to place around the world. 
Championship games are played on grass, clay, or other surfaces. This lack of consistency 
is cause for interesting debates centered around particular questions. For instance, will the 
court surface affect the rebound height of the tennis ball? 

To answer this question, work with your team to complete Activities 1, 2 and 3. 



Activity 1. 

Step A. Do a literature search 

• on the topic of collisions. Select and read the information which is collected. 

• the topic of surfaces used for tennis courts. 

Step B. Develop a hypothesis to answer the question, "How will the court surface 
affect the rebound height of the tennis ball?" Write your hypothesis on the line below.' 



Activity 2. 

Design an investigation to test the effect of court surfaces on the rebound height of 
the tennis ball. Before you start, think about 

• the surfaces used for tennis courts. 

• surfaces you could use which are most like tennis court surfaces. 

• how you will conduct the test. 



Step A. Identify the materials your team will need to complete the investigation. 



Step B. List the steps that will be followed. 



Step C. Using the space below, produce a data chart to display your measurements. 
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Activity 3. 

Step A. Submit your experimental design for approval by your teacher. 

Step B. Conduct the investigation which was approved. . 

Step C. Record on your data chart the data and calculate the means of the rebound 
heights. 

Now work on your own to complete the following activities. 

Activity 4. 



Review and analyze the data which was collected. 
Step A. Display the collected data on a graph. 




Step B. Write a short paragraph to describe any trends or patterns which are present 
on the graph. 



Step C- Analyze the potential energy changes which occurred for each surface that 
was tested in the investigation. 

Use the equation, P.E .= mgh, where 

m = mass of tennis ball 
g = 9.80 meters per second squared 
h = use calculated means 



Step D. Determine the percent loss of potential energy for each surface. 
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Activity 5. 



Write a conclusion to the investigation. Before you begin, think about 

a. the problem that was investigated 

b. the hypothesis that was made 

c. the results and the analysis that were completed 

d. the inferences that were drawn 

Now, write the conclusion on the lines below. 
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Activity 6. 

There are many types of tennis court surfaces. Some courts are composed of grass, 
others use crushed brick, and some are hard surfaces. Does the type of surface give some 
players an advantage over other players? 

Step A. Read the following article, which is related to this topic. When you have 
completed the reading, use the lines below to make a list of the advantages and 
disadvantages associated with the variety of court surfaces in the game of tennis. 



ERIC 



Reprinted' from the New York Times . 

Florida 1 s Indoor Beach 

by George Vecsey 

ST. PETERSBURG, Fla. 

What with all the theme parks like Disneyland and. 
Baseball City and Alligatorland and what not, it is 
surprising that in St. Petersburg they have built 
themselves an indoor beach. 

That's right. Some enterprising Yanks have 
imported 170 tons of the finest particles and trucked 
them into Suncoast Dome, where the sun never shines. 
This beach has no water, salt or fresh, and. instead 
of lifeguards it has line officials. And only a 
privileged few will be allowed to wiggle their feet 
in the shifting, drifting sands. 

"Something s:.. — ^ar co o beaca, ■ is how Andre 
Agassi described the surface of which the United 
States will play the Davis Cup final against 
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Australia . 



Australians love going to the beach and watching 
the wallabies frolic in the waves and then grilling 
a few koala bears on the barbie, or something like 
that. But they traditionally don’t like playing on 
the beach. 



Clay is normally the surface of choice of French, 
Spanish and Italian players, who grew up playing on 
crushed red-brick outdoor courts, but these Americans 
are more suited to clay than these Australians, and 
the surface is the host team's choice. 



"I’m going to have a field day watching those 
guys trying to hit the ball past Michael," Agassi 
chortled, nodding to his singles companion, Michael 
Chang, who is rapidly becoming a legend for coming 
from two sets down on slow-moving clay courts. 



Chang beat Ivan Lendl for the 1989 French Open on 
clay despite leg cramps and then he beat Horst Skoff 
in five sets to clinch the cup semifinal in Austria 
in September. 



Afterward, May Carillo, the perceptive television 
commentator, who once won the French Open doubles on 
clay with her old Queens neighbor, John McEnroe, 
mused out loud that the United States would do well 
to play on clay at St. Pete. 

Now of course, the good old boys on the United 
States Tennis Association are saying they had the 
idea months ago, maybe even years ago. 



Anyway, Agassi is so strong and Chang, is so 
patient and the doubles partners Rich Leach and Jim 
Pugh are so smooth that a mixture of 95 percent 
crushed brick and 5 percent crushed clay was trucked 
in from Plant City. 
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Actually, 170 tons spread over one main court and 
one practice court amount to only two inches of 
depth. But Chang insists this surface is deeper and 
steadier than the outdoor court in Vienna. 

The Australians would clearly like to kick sand 
into somebody's face over the choice of an indoor 
surface. But as Agassi put it, "If you want to see 
unfair, go see a stadium where they're playing 
drums . " 

When nationalism raises its nasty head during the 
Davis Cup, tennis becomes soccer with racquets. 



Step B. Imagine that you are a member of the United States Tennis Association 
(USTA) and you must decide whether or not tennis court surfaces should be 
standardized. Use the principles from physics, the literature you have read, and the 
data collected in your team's investigation to reach your decision. 

Write a persuasive paper to the chairman of the Association stating your 
conclusion and justifying it with supporting evidence. 
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Assessment Information 



Rationale. 

Though you will perform an informal formative assessment during the lesson, you may 
want to focus on a particular aspect and formally evaluate the students development in a 
certain skill area. In this lesson, three particular activities are selected for this added attention. 
The provided scoring tools should be shared and discussed with the students prior to and at 
the end of the activity. Both students and you are involved in the evaluation. This is a "no 
risk" assessment. 

Sample assessment scoring tools are provided for Activities 2, 4, 5 and 6B. 



Assessment of Activity 2. 



This activity addresses Outcome #2, Nature of Science. This response is assessed 
using a 0-2 scoring tool. 



Scoring Tool: 

The response demonstrates a student's ability to design a scientifically valid 
experiment that addresses a problem or question. 

2: The design for the investigation is complete and accurate. It includes all 3 of 
the following: 

• complete list of materials 

• accurate set of procedures 

• chart to record collected data 



1: The design for the investigation is not complete, but includes a partial description 
of: 

• the materials 

• the procedures 

• the data chart 



0: All other responses. 
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Assessment of Activity 4. 

This activity addresses Outcome #2, Nature of Science. This response is assessed 
using a 0-2 scoring tool. 

Scoring Tool: 

This response demonstrates the student's ability to describe data collected by personal 
experience and to (mathematically) explain physical phenomena. 

2: Student accurately calculates the change in potential energy. Values are correctly 
substituted in potential energy equation, and differences are related to experimental 
surfaces. 

1: Calculation of change in potential energy is partially correct. Values are correctly 
substituted in potential energy equation or differences are related to experimental 
surfaces. 

0: All other responses. 



Assessment of Activity 5. 

This activity addresses Outcome #5, Processes of Science. This response is assessed 
using a 0-2 scoring tool. 

Scoring Tool: 

This response demonstrates the student's ability to communicate laboratory results in 

writing. 



2: The conclusion is a complete and accurate explanation of findings. This includes 
a description of: 

• the problem which was investigated 

• the hypothesis 

• the results 

• the explanation of the results 

1: The conclusion is a partial description of findings but includes 3 of the following 
elements: 

• the problem 

• the hypothesis 

• the results 

• an explanation of results 



0: All other responses. 
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Assessment of Activity 6B. 

This activity addresses Outcome #6, Applications of Science, and Outcome #3, Habits 
of the Mind. This response is assessed using a 0-2 scoring tool. Note that scoring tools for 
assessing Writing to Persuade and Language Usage are not provided here. 

Scoring Tool: 

This response demonstrates the student's ability to use the knowledge of science as 
supporting evidence when taking a position relative to an issue. 

2: The letter is complete and accurate. It includes a statement of position and 

supporting evidence from 2 or 3 of the following answer cues. 

• information from physics 

• information from readings 

• information from investigation 

1: The letter is a partially complete and accurate. It includes a statement of position 

and one of the following answer cues as supporting evidence. 

• information from physics 

• information from readings 

• information from investigation 

0: All other responses. 



STANDARD 2: 



Physical Science: Students know and understand 
common properties, forms, and changes in matter and 
energy. (Focus: Physics and Chemistry ) 



P5. The water in a tube is heated, as shown in the diagram. As the water is heated, 
the balloon increases in size. Explain why. 
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Subject 


Item Key 


Content Category 


Performance 

Expectation 


International Average 
Percent of Students 
. Responding Correctly 


International 

Difficulty 

Index 


Upper Grade Lower Grade 


Science 


nexi 

page 


Physics 


Theorizing. Analyzing, 
and Solving Problems 


58% 52% 


549 




K13. The following diagrams show a flashlight battery and a bulb connected by 
wires to various substances. 



K-13 





Which-of-the bulbs will light? 




A. 


1 and 2 only 


B. 


2 and 3 only 


C. 


3 and 4 only 


D. 


1,2, and 3 only 


E. 


2, 3, and 4 only 



Scbjec 



Item Kay 



Content Category 



Science 
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Perform area 
Ejpecancn 


ImemarionaJ Average 
Percent cf Students 
Responding Correcdy 


Intemaiiofial 

Difficulty 

index 


Upper Grade bower Grade 


Understanding Complex 
Information 


7S% 69% 


429 



76 @2 -'/ESI COPY AVASLABLI 



Physics 



The droplets of water on the outside of the metal container pictured above 

most likely result from which of the following? 

A Water is leaking through the container wall. 

B Water in the air outside the container is cooling and c hanging from 
vapor to liquid. 

C Air above the ice inside the container is wanning and changing from 
vapor to liquid. 

D Cold air is carrying water from the inside to the outside of the 
container. 



Substance 


Melting Point (*C) 


Beeswax 


62 


Gold 


1,063 


Lead 


327 


Oxygen 


-218 



3ased on the melting points shown in the table above, which of the fol- 
lowing materials would still be a solid at 400 degrees Celsius? 

A Beeswax 

B Gold 

C Lead 

D Oxygen 
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Filter Paper 



Funnel 



Filtration using the equipment shown can be used to separate which materials? 

A. A solution of copper sulfate and water 

B. A solution of sodium chloride and water 

C. A mixture of alcohol and water 

D. A mixture of mud and water 

E. A mixture of sand and sawdust • 
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Subject 


Item Key 


Content Category 


Performance 

Expectation 


International Average 
Percent'of Students 
Responding Correctly 


International 

Difficulty 

Index 


Upper Grade Lower Grade 


Science 


D 


Chemistry 


Using Tools. Routine 
Procedures, and Science 
Processes 


52% 44% 


605 
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Sample Questions 



Open-response Question: 

You have a glass marble, a wooden block, and cooking oil. Design and describe 
“ an invescigacion that would give you information needed to rank these materials 
in order of their densities. 
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Guide to the Massachusetts Comprehensive Assessment System: Science & Technology 
Grade 8 Domains of Science: Physical Sciences ^Properties of Matter 



Property 


Substance A 


Substance B Substance C Substance D 


Scate 


Solid 


Solid 


Solid Liquid 


Attracted 
to Magnet? 


Yes 


No 


No 


Yes 


Dissolves 
in Water? 


No- 


No 


Yes ' 


No 


Color 


Black 


White 


White 


Silver 



4. Look a: the chare above. Which of the substances shown above could be sugar! 



A A 
B 3 
C C 
D D 
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The table below contains information about some elements. 



• 


u 

Na (sodium) 

23 

2-8- 1 

• lustrous 
•soft 

• low density 

• melting point 97..TC 




13 

Al (aluminum) 

27 

2-8-3 

• soft 

* easy to cut 

• gocid conductor 

* melting point 660*C 




U 

Si (silicon) 

23 

2-8-t 

• metalloid 

• crystalline structure 

• melting point U20*C 




16 

S (sulfur) 

32 

2-3-6 

• solid 

• yellow 

• non- metallic 
•meldng point lUJ’C 















Suppose you have samples of elemental sodium, aluminum, silicon, and sulfur at a 
temperature of 108°C. Which will be solids at that temperature? 

A. Sodium 



B. Sodium and sulfur 

C. Aluminum, silicon, and sulfur 

D. Sodium, aluminum, silicon, and sulfur 
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Modified SCASS 



Which of the following mixtures is a solution? 
A Sand and water 
B Salt and water 
C Oil and water 
D Rocks and water 
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K018S01 

NAEP 1990 



Animals are made up of many atoms. What happens to the atoms after an animal has died? 

A. The atoms stop moving. 

B. The atoms recycle back into the environment. 

C. The atoms split into simpler parts and then combine to form other atoms 

D. The atoms no longer exist once the animal has decomposed. 




TIMSS 



ERjt 






80 



86 



K10. Air is colorless, odorless, and tasteless. Describe one way that air can be 
shown to exist. 



K-10 
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Subject 


[ 

Item Key 


Content Category 


Performance 

Expectation 


International Ave.'age 
Percent of Students 
Responding Correctly 


International 

Difficulty 

Index 


Upper Grade, lower Grade 


Science 


next 

page 


Physics 


In vesri gating the Natural 
World 




34% 34% 


676 
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Sample MEAP Science Cluster Problem 

Juanita made a cup of hot chocolate by pouring boiling water into a cup with some 
chocolate powder. As she looked at the cup, she saw a little cloud rising up from the 
cup. As the cloud rose it disappeared. 




1 . Which is the best description of the change(s) in state of the'water from the time 
the hot water was poured into the cup until after the cloud disappeared? 

a. evaporation then dissolving 

b. evaporation 

c. evaporation then condensation then evaporation 2.1.1 

d. condensation then evaporation then dissolving 2.3.1 



2. We cannot really see molecules. But if we could see them, which of the following 
diagrams would be the best description of the water molecules after the cloud has 
disappeared? 



Key: Q Water molecule 

O Other kinds of molecules 
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Q18. A glass of water with ice cubes in it has a mass of 300 grams. What will the 
mass be immediately after the ice has melted? Explain your answer. 



2 . 2.1 
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3. A student hangs different objects from a spring and measures the stretch of 
the spring. The data are below. 



Mass of Object 
Kung on Spring 

100 grams 
200 grams 
300 grams 
400 grams 



Amount Spring 
is Stretched 



10 centimeters 
20 centimeters 
30 centimeters 
40 centimeters 



The student then repeats the experiment, using a stronger spring made of 
the same materials as the first. The student finds that a 200-gram object 
stretches the second spring 12 centimeters. In that case, a 400-gram object 
will stretch the second spring by 



A 4 cm 



B 8 cm 
C 12 cm 



89 
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D 24 cm 
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Which of the following provides the best evidence that light is a form of 
energy? 




A 

B 

C 

D 



Light reflects from a smooth surface like glass. 

Light raises the temperature of an object on which it falls. 
Light usually travels in straight lines. 

Light diffracts when it passes through a narrow opening. 
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Which of the following objects has the most inertia? 
A A 50-kilogram rock 
B A 1 00-kilogram football player 
C An automobile 
D An oil tanker 
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Which of the following statements about gravitational attraction betwe-n 
two objects is true? 

A It does not depend upon the mass of the objects. 

B It increases as the masses of the objects increases. 

C It increases as the distance between the objects increases. 

D It dees not depend upon the distance between the objects. 
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Sample Questions 



o 



Multiple-choice Questions: 

Imagine a mobile is hanging by a string from the ceiling and is cocally mocionless. Which statement 
about forces acting on the mobile is true? 



A. Only the downward force of gravity is acting on the mobile. 

‘B. The sum of the downward forces on the mobile equals the sum of the upward forces on it. 
C. Only the upward force of string is acting on the mobile. 



D. There are no forces acting on the mobile because it is motionless. 
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